1.. Introduction
================

The European Union has the highest percentages of alcohol drinkers worldwide, which hugely increases the health and socioeconomic burden of the member states ([@b1-br-0-0-626]). Excessive alcohol use is the third leading risk factor for disease following tobacco and blood pressure ([@b2-br-0-0-626]). The most important include peripheral neuropathy, brain damage, alcoholic liver disease, and nutritional and metabolic disorders. Furthermore, excessive alcohol use increases the likelihood of crime, accidents and violence, impulsivity and antisocial behavior ([@b3-br-0-0-626]). Due to the physiological, psychological and social consequences of alcohol use disorders (AUDs), there are a number of proposed treatment models for this issue outlined in the following.

According to the Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition (DSM-V) ([@b4-br-0-0-626]), AUDs combines the terms of alcohol abuse and alcohol dependence in the revised chapter of 'Substance-Related and Addictive Disorders'. In brief, a substance use disorder is defined as a maladaptive pattern of substance use leading to clinically significant impairment or distress, as manifested by 2 (or more) of a list with 11 symptoms, occurring within a 12-month period. Alcohol abuse and alcohol dependence are combined into a single disorder measured on a continuum from mild to severe. Whereas a diagnosis of substance abuse previously required only 1 symptom, a substance use disorder in DSM-V requires ≥2 symptoms from the list of 11; mild substance use disorder requires 2--3 symptoms and severe substance use disorder requires ≥4.

In general, there are different approaches in the treatment of alcoholism. According to the Institute of Medicine ([@b5-br-0-0-626]), treatment for alcoholism takes place in three stages: The first stage involves detoxification, close monitoring and prompt treatment of the individual. The second stage involves restoring functioning, evaluation of the patient, provision of primary care and multidimensional monitoring. The third stage consists of maintaining the primary patient care, monitoring for reoccurrence and home care by specialists, according to the therapeutic model applied ([@b5-br-0-0-626]).

The detoxification procedure involves psychological and/or pharmacological support and an extensive follow-up period ([@b6-br-0-0-626],[@b7-br-0-0-626]). Psychological management of alcoholism may include self-help groups, group therapy, psychotherapy and cognitive-behavioural therapy. These techniques deal with the underlying psychological issues that are associated with alcohol addiction, as well as providing relapse prevention skills. Another therapeutic approach to alcoholism widely used in the last 10 years is motivational interviewing ([@b8-br-0-0-626]). It is an approach that helps to increase the intrinsic motivation and commitment to treatment of the patient, enhancing the will to change. This technique applies to patients with extremely serious problems and those with less severe alcohol problems. The decision to change is stemming from the person with the help of intrinsic motivation, which is emphasized in the theory of self-determination ([@b9-br-0-0-626]). Aided by self-efficacy development through the procedure, the psychologist drives the interview in order for the patient to understand the difference between the ideal and the actual behavior without pushing for change or contradicting the person. The technique has been applied together with other approaches in the Matching Alcoholism Treatments to Client Heterogeneity Project ([@b10-br-0-0-626],[@b11-br-0-0-626]), one of the largest research programs to combat alcoholism within a sample of 1,726 patients. It is true, however, that addiction therapy is rarely linear and multiple relapses are inevitable.

Pharmacological treatment of alcoholism mostly involves altering the reinforcing effects of alcohol use ([@b12-br-0-0-626]). Medication development has focused on several neurotransmitter systems that interact with the cortico-mesolimbic dopamine pathway. A number of available or promising compounds appear to act by modulating the function of opioids, glutamate and serotonin. Naltrexone is a competitive antagonist for opioid receptors, which successfully blocks the effects of endorphins and opiates thereby preventing heavy drinking and decreases the urge to drink. Another treatment medication, odansetron, is a 5-hydroxytryptamine receptor antagonist also known as serotonin blocker and is effectively used mainly in patients with early-onset alcoholism and patients with a specific genetic variant of the serotonin transporter (5-HTT) gene. Acamprosate is a glutamate antagonist mainly used in the post-withdrawal phase. Other medicines, such as disulfiram and calcium carbimide, prevent the elimination of acetaldehyde and produce an unpleasant physical reaction ([@b6-br-0-0-626],[@b7-br-0-0-626]).

Exercise has been suggested as an alternative approach in the prevention or treatment of AUDs ([@b13-br-0-0-626]--[@b15-br-0-0-626]). Physical activity is unique in the sense that it is available to people who may not have access to other forms of treatment, such as psychological intervention or medication. It can also act as an alternative healthy activity versus addiction ([@b16-br-0-0-626]) and enhance mood and psychological wellbeing ([@b17-br-0-0-626]). However, treatment with the implementation of physical activity, as opposed to medication, requires the active participation of the individual and not the passive acceptance of treatment. It is internally driven and requires physical effort and commitment from the individual. For this reason, when the person is free to choose the type of exercise that is bound to follow, as well as its intensity, the treatment is more effective ([@b18-br-0-0-626]). Although it has been reported that exercise produces a feeling of wellbeing, the appropriate type or intensity of exercise that is required to improve mood remains to be elucidated and appears to depend on numerous factors ([@b19-br-0-0-626]). Additionally, there is limited research on the type and mode of exercise required to avert individuals with AUDs from alcohol consumption and how effective this type of treatment could be. The present study aimed to address the issue of AUDs by reviewing the research evidence on the therapeutic use of exercise in the treatment of these disorders and unveil possible underlying mechanisms.

2.. Literature search
=====================

The PubMed, Medline and Web of Science databases were searched for studies in English published between 1970 and 2015, which had investigated any form of exercise interventions for the treatment of AUDs. Search terms included 'health', 'exercise', 'physical activity', 'substance use disorder,' 'dependence', 'abuse' and 'alcohol'. The references of all the retrieved studies were searched for additional references. Studies that exclusively referred to types of interventions other than exercise or did not report alcohol- or health-related results were excluded.

3.. Results and Discussion
==========================

The literature search revealed 11 studies that fulfilled the inclusion criteria. Exercise mode, drinking patterns of the participants and research outcomes significantly varied among the studies. Only 4 of these studies used an acute intervention model, while the rest of them are medium- and long-term exercise intervention studies with a duration ranging from 4 to 15 weeks. Nine studies used alcoholic patients that had completed a detoxification program, whereas only 2 studies used heavy drinkers that were not diagnosed for any AUD. Furthermore, there has been limited research on exercise as an adjunctive strategy in AUDs treatment programs. To the best of our knowledge, only 8 studies have investigated the effect of exercise on alcohol consumption-related outcomes, which namely are direct alcohol consumption, abstinence rates and urge to drink. Research on the effects of exercise on biochemical indices is also scarce; only 4 studies have reported biochemical outcomes associated with exercise-induced hypothalamic-pituitary-adrenal (HPA) axis activation ([Table I](#tI-br-0-0-626){ref-type="table"}).

### Acute exercise

Acute effects of exercise on alcohol urge and mood disturbance were examined in a counterbalanced cross-over design study ([@b20-br-0-0-626]). Twenty alcohol-dependent individuals, who had already completed a 3-month detoxification program, participated in the study. The experimental group underwent 10 min of moderate intensity exercise (40--60% of the heart rate reserve), while the control group underwent 10 min of light intensity exercise (5--20% of the heart rate reserve) in a cycle ergometer. The results showed that participants in the experimental group had a significantly reduced alcohol urge (by 19.7%) compared to the 'control' group during exercise, but not following exercise. No difference in mood between the groups was observed throughout the study. It is not known, however, whether a higher intensity of exercise as well as longer duration would be able to induce further favourable effects on alcohol urges.

Coiro *et al* ([@b21-br-0-0-626]) investigated physiological and biochemical responses to acute exercise in 10 alcoholic patients after 4, 6 and 8 weeks of alcohol abstinence. All the trials were conducted on a cycle ergometer, with an initial load of 50 W and a 50-W increase every 3 min until subjective exhaustion. There was also a control group that performed only one trial. The results showed that baseline and exercise-induced changes in physiological variables were similar in the two groups in all trials. Concerning the biochemical variables, baseline levels of adrenocorticotropic hormone (ACTH) and cortisol in alcoholic patients were similar to those in the control group in all trials. Exercise resulted in significantly increased ACTH and cortisol levels in alcoholic patients after the trial at week 8 of abstinence, but not at the previous trials, and reached those observed in the control group. Despite the small number of subjects, the present study indicated that alcoholic patients have lower responses of ACTH and cortisol to acute exercise compared to healthy controls following detoxification; however, 8 weeks of abstinence from alcohol eventually leads these responses back to normal.

A more recent study by Jamurtas *et al* ([@b22-br-0-0-626]) used an exercise protocol of longer duration (30 min) and low intensity (\~60% of the maximum heart rate). The results indicated an 18.6% decrease in alcohol urge in alcoholic patients compared to the control group that underwent the same exercise protocol. Although this change was not statistically significant, it was close to the difference noticed in the aforementioned acute experiment ([@b20-br-0-0-626]). Limitations of this study, such as the low number of participants, may be a reason for the lack of statistical significance. Regardless, to the best of our knowledge, this is the first study to explore the biochemical parameters associated with alcohol urge. β-endorphin levels were significantly lower in alcoholic patients at baseline, whereas 30 min cycling exercise resulted in a 3-fold significant increase in the same group.

Another study by Georgakouli *et al* ([@b23-br-0-0-626]) examined the effect of acute exercise on indices of liver function and blood redox status in heavy drinkers and individuals that do not exceed the limits for moderate alcohol use (control group). The exercise protocol used in this study was a single trial of moderate intensity exercise (50--60% of the heart rate reserve) for 30 min at an ergometer. The results showed that heavy drinkers may be prone to oxidative stress, as indicated by significantly decreased baseline reduced glutathione levels and also a trend for decreased baseline thiobarbituric acid reactive substances levels in heavy drinkers compared to controls. Exercise induced antioxidant responses were lower in heavy drinkers compared to controls. Concerning liver function, baseline γ glutamyl transferase levels were significantly increased in heavy drinkers compared to controls. Furthermore, exercise led to increased aspartate aminotransferase levels in the two groups and increased alanine aminotransferase levels only in heavy drinkers. These results indicate that responses of liver enzymes to exercise may be influenced by the level of alcohol consumption. This study reports for the first time that heavy drinkers may respond differently to acute exercise compared to the individuals that do not drink heavily, highlighting that there is a requirement for more studies on the effect of exercise on indices of health status in this population.

### Exercise training

Medium- and long-term intervention studies provide rather limited and contradictory results. In 1972, Gary and Guthrie ([@b24-br-0-0-626]) reported that self-esteem of alcoholic patients improved along with fitness following a 4-week jogging program, but there was no effect regarding drinking episodes. In a study by Sinyor *et al* ([@b25-br-0-0-626]), 58 individuals who were receiving treatment for alcohol dependence participated in a 6-week fitness program. Results showed that participants had significantly higher abstinence rates and fitness gains at 3 and 18 months following discharge when compared with a control group. However, this study had a number of methodological limitations. The most important was that the control group was formed by patients from different therapy centers receiving various treatments.

A study conducted by Murphy *et al* ([@b26-br-0-0-626]) assessed the effects of exercise and meditation on alcohol consumption in 48 college students who were heavy social drinkers. Participants were randomly assigned to three conditions: A no-treatment control group, an experimental group that participated in an 8-week exercise program and a third group that participated in meditation training. Volunteers self-monitored their daily training program and consumption of alcohol throughout the study. The results showed that participants in the two treatment groups significantly reduced alcohol consumption by 14 drinks/week compared to the no-treatment control group by the end of the intervention. There were no dropouts during the exercise intervention, however, only 72% returned to the follow-up assessment at 6 weeks. It was also reported that participants in the experimental group increased their fitness level during intervention and also for 6 weeks following cessation of the intervention.

In 1997, Donaghy ([@b27-br-0-0-626]) investigated the effects of a 3-week supervised exercise program followed by a 12-week home-based exercise program in 165 adults in an alcohol abstinence treatment program. Participants were randomly assigned into two groups; an experimental group, who undertook muscle stretching and aerobic exercise (AE), and a control group who undertook gentle stretching and breathing exercises 3 times a week. The results showed that participants in the experimental group improved fitness, strength, physical activity and physical self-perceptions during the exercise program, and they maintained these improvements for a further month by undertaking a home-based exercise program. However, only fitness was maintained after 5 months of follow-up, while the number of dropouts was high (26% at month 1, 30% at month 2 and a further 17% at month 5). In addition, the relapse rates did not significantly differ between the groups throughout the study, indicating that this type of intervention may not induce significant changes in abstinence rates, depression and anxiety, despite the improvement in fitness.

Vedamurthachar *et al* ([@b28-br-0-0-626]) investigated the antidepressant effects of Sudarshana Kriya Yoga on alcohol-dependent inpatients. A total of 60 alcohol-dependent patients that had completed a detoxification program were separated into two groups; one group followed a 2-week program of Sudarshana Kriya Yoga with a duration of 42--45 min (experimental group), whereas the other group received no treatment (control group). The results showed that intervention led to significantly decreased cortisol levels in the experimental group compared to the control group. However, decreased ACTH levels and Beck Depression Inventory scores were observed following intervention in the two groups. Certain limitations of this study were the lack of placebo-controlled treatment of the control group, medication for treating sleep symptoms in certain participants, and the lack of other alcohol-related outcomes.

More recently, Brown *et al* ([@b29-br-0-0-626]) developed a 12-week moderate intensity AE program as an adjunctive intervention for 19 alcohol-dependent patients in recovery. All the participants were receiving ongoing addiction treatment for alcohol dependence and they reported that their last drink was 0--58 days before the intervention. The results from this study showed a significantly higher rate of abstinence days at the end of the treatment and during a 3-month follow-up period, while no difference was found after the 3-month follow-up period. Furthermore, there was a significant increase in fitness and a decrease in body mass index at the end of treatment; however, no difference was found after the 3-month follow-up period. However, one of the drawbacks of this study was the lack of a control group.

In a follow-up study by the same investigators ([@b30-br-0-0-626]), 49 alcohol-dependent patients were separated to participate either in an AE program or in a brief advice (BA) to exercise condition. Participants in the AE group exercised once per week, for 12 weeks at an intensity corresponding to 50--69 of the maximal heart rate, while they also received exercise counseling 2--3 times per week. Participation in the exercise program resulted in a significant decrease in drinking days and heavy drinking days. Furthermore, participants with sufficient exercise attendance (\>8 exercise sessions) reported significantly lower alcohol consumption and lower frequency of alcohol use compared to BA. A higher rate of abstinent days at the 3-month follow-up assessment was reported for the AE group. However, it was reported that adherent AE participants had significantly greater heavy drinking days compared to BA participants during the follow-up period.

Based on the current limited literature, the efficacy of exercise in decreasing alcohol consumption cannot be established. Notably, the majority of the studies mentioned a positive attitude of participants towards drinking when they were systematically involved in exercise treatments. Although one study mentioned the involvement of the endogenous opioid system in the regulation of alcohol desire, mechanisms as well as the best type and mode of exercise underlying these effects remain to be elucidated.

### Possible mechanisms of exercise effects on alcohol abstinence

#### Psychological and physiological effects of exercise

Mechanisms that may render exercise useful in the treatment of AUDs are mainly psychological and physiological. Physical exercise is an effective mean of maintaining or enhancing overall health and wellness. It has been suggested that exercise has a dual beneficial role in the treatment of substance abuse. Firstly, it has the potential to attenuate the negative effects of ethanol consumption by mechanistic changes in the cell level. For example exercise may attenuate the ethanol-induced decline in hepatic mitochondria, extend oxidative damage in the body and may even ameliorate decreased capillarization in skeletal muscle ([@b31-br-0-0-626]). In regards to mental health, exercise has numerous beneficial effects on mood, anxiety, depression, self-perception and self-efficacy ([@b15-br-0-0-626],[@b32-br-0-0-626],[@b33-br-0-0-626]). Additionally, exercise has been used as an adjunctive strategy for substance dependence during and following a treatment program ([@b15-br-0-0-626]). As was mentioned previously, exercise could be an effective treatment for AUDs; however, more research is required to elucidate the possible psychological and physiological mechanisms involved in the reduction of harmful alcohol consumption.

#### Psychological mechanisms

In the psychological domain, the theory of self-efficacy of Bandura ([@b34-br-0-0-626]) refers to the socio-cognitive mechanisms through which the individuals can regulate their behavior. The theory argues that the inner belief of an individual that makes them successfully carry out a particular behavior is associated with the ability to exhibit this behavior. As such, when people engage in exercise programs they increase their self-confidence and this process is further reflected to their everyday lives by enhanced levels of self-esteem and self-efficacy ([@b35-br-0-0-626],[@b36-br-0-0-626]). By analogy, this process may be transferred to the implementation of coping strategies necessary to stay away from alcohol.

A psychosocial mechanism that may be involved in alcohol abuse is the use of alcohol to deal with stress. Numerous people drink alcohol as they cannot cope with the stress of everyday life. However, exercise can reduce stress and thus may be used to reduce the desire for alcohol ([@b37-br-0-0-626]). Another important psychosocial mechanism proposed as a means to reduce alcohol abuse is that of social interaction. Based on this theory, social interaction during physical exercise may create strong associations among people who participate in it. Sometimes these associations may have a positive impact on mental health ([@b38-br-0-0-626]). It is suggested that physical activity can help improve the social support network as it can take the form of group activity and create a calm and conducive environment to rehabilitation. Additionally, it is an acceptable form of social support for addicted persons to substances under rehabilitation ([@b39-br-0-0-626]).

Depression is common among alcoholics ([@b40-br-0-0-626]). The beneficial effects of physical activity are well-documented in improving mood ([@b41-br-0-0-626]), fighting depression ([@b42-br-0-0-626]) and anxiety ([@b43-br-0-0-626]). Mobily *et al* ([@b44-br-0-0-626]) examined the effect of walking as a means of exercise on depression in people \>65 years with moderate and severe depression. The results showed a positive impact of walking in people with serious disabilities and people with moderate depression and an even larger effect in people with severe depression. In their research Faulkner and Biddle ([@b41-br-0-0-626]) examined 6 cases of people suffering from clinical depression. Subsequent to applying a walking program, lasting ≥10 weeks, the study reported that these people reduced their depressive mood and significantly improved their quality of life. Therefore, if physical activity can act positively on depression and anxiety it may function as a strategy for dealing with alcoholism as well.

In conclusion, taking into account the aforementioned mechanisms, the development of a healthy and physically active lifestyle may lead to improved health, quality of life and a form of positive behavior that one can adopt instead of alcohol abuse.

#### Physiological mechanisms

Exercise is associated with a euphoric feeling during and subsuequent to an exercise session ([@b45-br-0-0-626],[@b46-br-0-0-626]). It has been suggested that an improvement in the mood of heavy drinkers or alcoholics by an exercise-induced increase in β-endorphin levels, may act as an inhibitory factor to alcohol use. Therefore, a possible mechanism to explain the positive effects that exercise may have on alcohol abstinence and alcohol cravings is associated with the effects that exercise has on the endogenous opioid system. The functions of the endogenous opioid system mainly involve modulation of the response to pain, reward and reinforcement and regulation of functions such as thermoregulation and energy substrate mobilization ([@b47-br-0-0-626]--[@b50-br-0-0-626]). Pro-opiomelanocortin (POMC), as one of the three precursors of the endogenous opioid peptides, gives rise to β-endorphin, the main representative of the endogenous opioid system ([@b49-br-0-0-626]). Previous studies have indicated that physical activity affects the level of β-endorphin and its increase during exercise ([@b51-br-0-0-626]) is influenced by the intensity and duration of exercise ([@b45-br-0-0-626],[@b46-br-0-0-626],[@b52-br-0-0-626]). β-endorphin is associated with the euphoria felt by the trainee during exercise. Furthermore, due to the fact that β-endorphin receptors are present in numerous areas of the body that participate in the metabolism of substances, β-endorphin is involved in the metabolism of carbohydrates during rest ([@b47-br-0-0-626],[@b53-br-0-0-626]) and exercise conditions ([@b53-br-0-0-626]--[@b56-br-0-0-626]).

The endogenous opioids are considered to be participating in the processes of tolerance to alcohol and abstinence from it. In particular, it is known that alcohol consumption increases the levels of β-endorphin that are associated with euphoria ([@b57-br-0-0-626]). Furthermore, it has been reported that the levels of β-endorphin are low in the initial phase of abstinence from alcohol ([@b58-br-0-0-626]). Analysis of β-endorphin and ACTH in cerebrospinal fluid in alcoholics showed that there is a lack of β-endorphin centrally with significantly increased levels of ACTH ([@b59-br-0-0-626]). These findings suggest that alcohol addiction may be associated with significant changes in POMC-related peptides. Furthermore, children of alcoholics had lower levels of β-endorphin compared to normal individuals, which were even lower when both parents were alcoholics ([@b60-br-0-0-626]), indicating that genetic factors may be involved in the phenomenon of alcoholism. The quantity and frequency of alcohol consumption is thought to induce different effects on the endogenous opioid system. Acute or light alcohol consumption results in greater β-endorphin levels, while chronic heavy alcohol consumption induces several neuronal systems to undergo adaptive changes in order to maintain their functional activity at normal levels, resulting in central opioid deficiency in the absence of alcohol ([@b57-br-0-0-626]). Thus, abstinence from alcohol in alcohol abusers/alcoholics has been associated with decreased levels of β-endorphin, which may result in alcohol withdrawal symptoms and may further promote alcohol consumption ([@b57-br-0-0-626],[@b58-br-0-0-626]).

In 2011, Zourbanos *et al* ([@b61-br-0-0-626]) proposed a model of the possible association between the desire for alcohol, β-endorphin, physical activity and the subsequent reduced desire for alcohol. This model is based on the rationale that alcohol and physical exercise increase levels of β-endorphin at the hypothalamic and peripheral levels and, therefore, affect and are affected by the opioid system. More specifically, as mentioned, those suffering from alcoholism have a decreased secretory capacity of β-endorphin, which may contribute to an increased desire for alcohol ([@b62-br-0-0-626]). Considering that physical exercise also increases the levels of β-endorphin, it may be assumed that any suitable volume of physical exercise may potentially lead to elevated levels of β-endorphin, which may substitute alcohol consumption and/or reduce the desire for it.

Additionally, it is known that the mesolimbic dopamine pathway partially mediates the reinforcing effects of ethanol, through interactions of certain opioid peptides with opioid receptors that increase dopamine release in the nucleus accumbens ([@b63-br-0-0-626]). Although the neuroanatomical locus of the reinforcing effects of exercise remains to be elucidated, data suggest that exercise generally activates the same reward pathways that are activated by ethanol or other addictive substances. For instance, acute exercise bouts increase dopamine concentrations ([@b64-br-0-0-626],[@b65-br-0-0-626]), and chronic exercise programs lead to sustained increases in dopamine concentrations ([@b66-br-0-0-626]). As the reinforcing properties of alcohol are mediated by increasing dopamine levels in mesolimbic and mesocortical pathways, exercise may be the tool through which changes in these pathways lead to reduced susceptibility in alcohol use. An example is given by the phenomenon known as exercise addiction.

Furthermore, ethanol consumption stimulates several other neuroendocrine responses in the HPA axis. Corticotropin releasing hormone (CRH) is increased when alcohol is consumed, which stimulates POMC and consequently gives rise to ACTH, β-lipotropin and β-endorphin. ACTH stimulates the cells of the adrenal cortex in order to increase the release of cortisol, which inhibits the release of CRH and ACTH through a negative-feedback mechanism. The release of CRH is also inhibited by opioidergic and γ-aminobutyric acid neurons and stimulated by serotonergic and noradrenergic neurons ([@b49-br-0-0-626]). The effects on neurotransmitters, which result in relaxation and calmness, drive psychological dependence and the person starts to believe that alcohol is necessary to help with daily distress. Over time, the neurons adjust and the new disturbed levels of neurotransmitters become the new normal. These data indicate that the HPA axis of alcoholic patients suffers reduced secretory capacity during abstinence from alcohol ([@b21-br-0-0-626]). Acute exercise does not increase levels of ACTH and cortisol in them to the same degree as in normal individuals ([@b21-br-0-0-626]). At least 1 month of abstinence from alcohol is required for the hormone levels to start returning to the normal levels. After 8 weeks of abstinence from alcohol, alcoholic patients may present the same response to hormonal parameters during physical activity (15 min of acute exercise of increasing intensity) as those in the not addicted individuals ([@b21-br-0-0-626]). This evidence suggests that in order to explore the biochemical changes associated with the HPA axis in alcoholic individuals during physical activity, longer interventions may be necessary.

4.. Conclusions
===============

In conclusion, evidence from existing studies suggests that exercise is a useful adjunctive tool to combat AUDs. It is perceived that physical activity can have a dual action upon alcoholism. Firstly, it may attenuate the negative effects of alcoholism on health while it may also act centrally on the neurotransmitter systems involved in the mechanisms of addiction. However, there is a lack of information on optimal intensity (high vs. low), duration (long vs. short), frequency and type (cardiovascular vs. resistance exercise or combination of the two) of exercise that may influence the opioid system and is required to help alcoholics abstain from alcohol. Another question is how much exercise these persons can withstand given that in certain instances exercise can be undesirable or painful.

Studies on hormones, peptides and neurotransmitter systems associated with the mechanisms of reward, reinforcement, alcohol addiction and their connection to exercise are scarce. Therefore, the acute exercise studies as well as chronic exercise interventions are required to provide support for the hypothesis that exercise can act as an alternative to alcohol use due to its similar action on distinct components of the central nervous system involved in the addictive processes. In addition, limited information exists regarding the effects of exercise in combination with other treatments against alcoholism and mainly pharmacological treatments. Finally, due to the promising effects of exercise on alcohol consumption, attempts should be made to delineate its possible role in prevention of alcoholism in heavy drinkers.

The present study was co-financed by the European Union \[European Social Fund (ESF)\] and Greek national funds through the Operational Program 'Education and Lifelong Learning' of the National Strategic Reference Framework (NSRF)-Research Funding Program: THALES. Investing in knowledge society through the European Social Fund.

###### 

Studies on the effects of exercise on heavy drinking and alcohol dependence.

  Study (year)                    Subjects                                                                                  Study design                                                                                                                                                  CON                                                                                                                                                                                                                                                    EX                                                                                                                                                                                                                                                                                         Results                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              Comments                                                                                                                                                                                                                                                         (Ref.)
  ------------------------------- ----------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------ ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------ ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------ ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ---------------------
  Gary and Guthrie (1972)         20 alcohol-dependent patients (m)                                                         -- 4-week exercise intervention -Random assignment to EX or CON - Alcoholic treatment center                                                                  -- Standard care - Group therapy, recreation programs                                                                                                                                                                                                  -- 4 weeks, 5 times/week or until 20 miles has been reached -Incremental running program - Significantly reduced                                                                                                                                                                           -- No effects with regard to drinking episodes -Significant gains in cardiovascular fitness and self-cathexis scale sleep disturbances                                                                                                                                                                                                                                                                                                                                                                                                                                               -- Small number of subjects - No other alcohol-related outcomes reported - No follow-up data reported - Duration and type of control therapy not reported                                                                                                        ([@b24-br-0-0-626])
  Sinyor *et al* (1982)           58 alcoholic patients (m, f)                                                              -- 6-week exercise intervention - Multicenter inpatient treatment programs - Daily group therapy                                                              -No exercise -Standard treatment followed                                                                                                                                                                                                              -- 6 weeks, 5 times/week, 1 h each - Stretching, calisthenics, muscle-strengthening exercises, running or cross-country skiing                                                                                                                                                             -- At 3-month follow-up, significantly higher abstinence rates (self-report, validated by family members or colleagues) - Significant fitness gains                                                                                                                                                                                                                                                                                                                                                                                                                                  -- Diagnoses and type of intervention not reported - Comparison of patients from different study centers receiving different treatments - No randomization                                                                                                       ([@b25-br-0-0-626])
  Murphy *et al* (1986)           48 students, heavy                                                                        -- 8-week exercise intervention - Randomized to CON 1, 2 and EX                                                                                               -- CON 1: Standard intervention - CON 2: 3 times/week supervised meditation                                                                                                                                                                            -- 8 weeks, 3 times/week, 30 min each - Running at individual intensity                                                                                                                                                                                                                    -- Significant reduction in alcohol consumption in treatment groups - Alcohol consumption on weekdays affected - Significant fitness gains                                                                                                                                                                                                                                                                                                                                                                                                                                           No clinical diagnosis of alcohol abuse or dependence                                                                                                                                                                                                             ([@b26-br-0-0-626])
  Donaghy (1997)                  165 alcoholic patients (m, f)                                                             Multicenter study: Inpatient and outpatient treatment programs of different types and durations                                                               -- 3 weeks of supervised gentle stretching and breathing exercises, followed by 12 weeks of home-based training - 3 times/week, 30 min each                                                                                                            -- 3 weeks of supervised exercise, followed by 12 weeks of home-based exercise - 3 times/week, 30 min each - Aerobic and muscle- strengthening training                                                                                                                                    -- No significant differences in abstinence rates - Significant improvements in power, fitness, body self-perception and self-esteem after 15 weeks - Power and fitness gains maintained at 5-month follow-up - No differences in body weight and resting pulse - Anxiety and depression equally reduced in the two groups                                                                                                                                                                                                                                                           -- Diagnoses and type of therapy not reported - Unexplained high number of dropouts at 5-month follow-up - Relapse rates did not differ between CON and EX                                                                                                       ([@b27-br-0-0-626])
  Ussher *et al* (2004)           20 alcohol-dependent patients following detoxification (m, f)                             -- Counterbalanced cross- over study, inpatient treatment program - Participation in the study following 10--14 days of alcohol detoxification - Randomized   10 min of light intensity cycling at 5--20% HRR                                                                                                                                                                                                        10 min of moderate intensity cycling at 40--60% of HRR                                                                                                                                                                                                                                     -- Significantly lower scores for alcohol urges for EX vs. CON between baseline and during exercise - No significant changes in alcohol urge scores for EX vs. CON between baseline and immediately following exercise - No significant changes in any mood scores                                                                                                                                                                                                                                                                                                                   -- Small number of subjects - Ratings of alcohol urges tended to be higher at baseline for the moderate intensity in EX vs. CON - Maybe participants had expectations for the effects of different experimental (expectation bias) conditions on alcohol urges   ([@b20-br-0-0-626])
  Vedamurthachar *et al* (2006)   60 alcohol-dependent patients following detoxification (m)                                -- Random assignment to EX or CON for 2 weeks - Impatient treatment, 1 week after detoxification                                                              None                                                                                                                                                                                                                                                   -- Sudarshana Kriya Yoga for 42--45 min - Yoga Nidra for 20 min                                                                                                                                                                                                                            -- Significantly lower cortisol - Significantly lower ACTH levels following intervention in the two groups, greater decrease in EG compared to CG - Non-significant increase in intervention in the two groups - Significantly lower BDI scores following intervention in the two groups, greater decrease in EG compared to CG                                                                                                                                                                                                                                                      -- Lack of placebo-controlled levels following EX in EG treatment of CON group - Medication for treating sleep symptoms - No other alcohol-related outcomes reported                                                                                             ([@b28-br-0-0-626])
  Coiro *et al* (2007)            10 alcoholic patients (m); 10 age-matched healthy controls (m)                            -- Inpatient rehabilitation program - Trials of acute exercise                                                                                                -- One trial of exercise on a cycle ergometer - Samples at time points: 30 min before exercise, just before exercise, and 10, 20, 30, 40, 50 and 60 min after exercise - Initial load of 50 W, 50-W increase every 3 min until subjective exhaustion   -- 3 trials of exercise on a cycle ergometer after 4, 6 and 8 weeks of abstinence - Samples at time points: 30 min before exercise, just before exercise, and 10, 20, 30, 40, 50 and 60 min after exercise - Initial load of 50 W, 50-W increase every 3 min until subjective exhaustion   -- Similar baseline and in physiological variables in the two groups in all trials - Similar baseline levels of ACTH and cortisol in the two groups in all trials - Significant increase in ACTH and cortisol levels in CON following the trials - Significant increase in ACTH and cortisol levels in EX following the trial at week 6 of abstinence; however, these were significantly lower compared those in CON - Significant increase in ACTH and cortisol levels in EX after trial at week 8 of abstinence; these levels were not significantly different from those in CON   -- Small number of subjects - No other alcohol-related outcomes reported                                                                                                                                                                                         ([@b21-br-0-0-626])
  Brown *et al* (2009)            19 alcohol-dependent patients following detoxification (m, f)                             Pilot study, outpatient alcohol program (no details reported)                                                                                                 None                                                                                                                                                                                                                                                   -- 12 weeks, 1/week supervised, 20--40 min each - Aerobic training (treadmill, ergometer) at 50--69% max HR - Including CBT-based exercise counseling, 2--3 times/week alone                                                                                                               -- Significantly higher rate of abstinent days at end of treatment and 3-month follow-up - Significantly increased fitness and decreased BMI at the end of treatment                                                                                                                                                                                                                                                                                                                                                                                                                 -- Small number of subjects - Lack of CON group (effects not explained by EX alone)                                                                                                                                                                              ([@b29-br-0-0-626])
  Brown *et al* (2014)            49 alcohol-dependent patients (m, f)                                                      Pilot study, outpatient alcohol program, aerobic exercise (AE)                                                                                                Brief advice to exercise (BA)                                                                                                                                                                                                                          -- 12 weeks, 1/week supervised, 20--40 min each - Aerobic training (treadmill, ergometer) at 50--69% max HR exercise counseling, 2--3 times/week alone                                                                                                                                     -Significant decrease in drinking days and heavy drinking days in AE -Significantly lower alcohol and lower frequency of alcohol use compared to BA for those with sufficient attendance in AE (\>8 exercise sessions) -Higher rate of abstinent days at 3-month follow-up in AE - Non-significant difference in VO~2~max between conditions                                                                                                                                                                                                                                         CON group (BA) reported similar increases in exercise participation as the 'experimental' group - Including CBT-based                                                                                                                                            ([@b30-br-0-0-626])
  Jamurtas *et al* (2014)         9 alcohol-dependent patients following detoxification (m, f); 9 healthy controls (m, f)   -- Acute exercise - Participation in the study following 10--14 days of alcohol detoxification                                                                30 min of low intensity cycling at 55--60% MHR                                                                                                                                                                                                         30 min of low intensity cycling at 55--60% MHR                                                                                                                                                                                                                                             -- Significantly lower β-endorphin levels in EX vs. CON prior to exercise - Significantly increased β-endorphin levels only in EX following exercise - Non-significant decrease in alcohol urge scores for EX immediately following exercise (\~17%) - No significant changes in CBC parameters between groups - Significant increases in RBCs, Hb and Hct in the two groups following exercise                                                                                                                                                                                      -- Small number of subjects - Low alcohol urge scores in EX at the baseline, perhaps due to medication                                                                                                                                                           ([@b22-br-0-0-626])
  Georgakouli *et al* (2015)      17 heavy drinkers (m); 17 controls (not exceeding moderate alcohol consumption)           Acute exercise                                                                                                                                                -- 30 min of moderate intensity cycling at 50--60% HRR                                                                                                                                                                                                 -- 30 min of moderate intensity cycling at 50--60% HRR                                                                                                                                                                                                                                     -- Significantly higher γ GT levels in EG vs. CG prior to exercise - Significantly increased γ GT levels only in EG following exercise - No significant differences in AST and ALT between groups prior to exercise - Significantly increased AST levels in the two groups following exercise - Significantly increased ALT levels only in EG following exercise                                                                                                                                                                                                                     No alcohol-related outcomes reported                                                                                                                                                                                                                             ([@b23-br-0-0-626])

m, male; f, female; EX, experimental group; CON, control group; BDI, Beck depression inventory; CBT, cognitive-behavioral therapy; HR, heart rate; BMI, body mass index; HRR, heart rate reserve; MHR, maximum heart rate; CBC, complete blood count; RBCs, red blood cells; Hb, hemoglobin; Hct, hematocrit; γ GT, γ glutamyl transferase; AST, aspartate aminotransferase; ALT, alanine aminotransferase.
